Inspired by a new compilation of strong lensing systems (SLS), which consist of 205 points in the redshift range 0.0625 < z l < 0.958 for the lens galaxy and 0.196 < z s < 3.595 for the source, we constrain three models that generate a late cosmic acceleration: the ω-cold dark matter model, the Chevallier-Polarski-Linder and the Jassal-BaglaPadmanabhan parametrizations. Our compilation contains only those systems with early type galaxies acting as lenses, with spectroscopically measured stellar velocity dispersions, estimated Einstein radius of each system, and both the lens and source redshifts. We assume an axially symmetric mass distribution in the lens equation, using a correction to alleviate differences between the measured velocity dispersion (σ) and the dark matter halo velocity dispersion (σ DM ) as well as other systematic errors that may affect the measurements. To investigate the impact of some observables, such as the velocity dispersion, the Einstein radius and the redshift interval probed by the lens galaxies, we have considered different sub-samples to constrain the cosmological parameters of each model. Our results show that cosmological constraints are very sensitive to the selected data: some cases show convergence problems in the estimation of cosmological parameters (e.g. systems with observed distance ratio D obs < 0.5), others show high values for the chi-square function (e.g. systems with a lens equation D obs > 1 or high velocity dispersion σ > 276 km s −1 ). Model selection criteria show that using SLS, the ω-cold dark matter and Chevallier-Polarski-Linder models are preferred in different regions of the data.
INTRODUCTION
Contrasting cosmological models with modern observations is fundamental to understand the nature of the ∼ 96% of our Universe (Planck Collaboration et al. 2016; Aghanim et al. 2018a ) known as the dark sector, which refers to ∼ 26% of the total content in dark matter (DM) the one responsible for the formation of large-scale structure, and ∼ 69% in dark energy (DE), the possible cause for the current accelerated expansion (Schmidt et al. 1998; Perlmutter et al. 1999; Riess et al. 1998 ). In the most accepted paradigm, DM is a nonrelativistic matter in the decoupling epoch (i.e. cold), and the traditional way to treat the DE nature is through the addition of an effective cosmological constant (CC) in the energy-momentum tensor of the Einstein field equations. The CC origin is related to the quantum vacuum fluctuations, but this hypothesis is plagued by severe patholo-gies due to its inability to renormalize the energy density of quantum vacuum, obtaining a discrepancy of ∼ 120 orders of magnitude between the theoretical estimations and the cosmological observations (Zeldovich 1968; Weinberg 1989) . The CC also has the coincidence problem, i.e. why the Universe transition, from a decelerated to an accelerated phase, is produced at late times.
The CC theoretical problems have led the community to propose a variety of ideas to reproduce the late cosmic acceleration. Some of them postulate the existence of DE, for example, quintessence (Ratra & Peebles 1988; Wetterich 1988) , phantom (Chiba et al. 2000; Caldwell 2002 ) fields, Chaplygin gas (Chaplygin 1904; Kamenshchik et al. 2001; Bilic et al. 2002; Hernandez-Almada et al. 2018) , w(z) parameterizations for dynamical DE (Chevallier & Polarski 2001; Linder 2003; Jassal et al. 2005) , interacting dark energy (Caldera-Cabral et al. 2009 ), etc (for a thorough review of all these alternatives see Copeland et al. 2006; Li et al. 2011 ). Other models modify the Einsteinian gravity to resemble the DE like brane models (García-Aspeitia & Matos 2011; García-Aspeitia et al. 2018) , f (R) models (Buchdahl 1970; Starobinsky 1980; Sotiriou & Faraoni 2010) , scalar-tensor theories (Brans & Dicke 1961; Galiautdinov & Kopeikin 2016; Langlois et al. 2018) , Unimodular gravity (Perez & Sudarsky 2017; García-Aspeitia et al. 2019) , among others.
On the other hand, observational data are used to test these models. Among the most frequently used are the cosmic microwave background radiation (CMB, Planck Collaboration et al. 2016; Aghanim et al. 2018a) , baryonic acoustic oscillations (BAO, Eisenstein et al. 2005; Blake et al. 2012; Alam et al. 2017; Bautista et al. 2017) , type Ia Supernovae (SNe Ia, Scolnic et al. 2018 ) and observational Hubble data (OHD, Jimenez & Loeb 2002; Moresco et al. 2016; . Consistency in the cosmological parameters among different techniques, rather than more accurate measurements, is desirable to better understand the nature of DE. In the last years, several efforts have been made by the community to include gravitational lens systems in the study of the Universe's evolution. Some of the pioneers are Futamase & Yoshida (2001) ; Biesiada (2006) , who used only one strong-lens system to study some of the most popular cosmological models. Grillo et al. (2008) introduced a methodology to estimate cosmological parameters using strong lensing systems (SLS) (see also Jullo et al. 2010; Magaña et al. 2015 . They apply the relation between the Einstein radius and the central stellar velocity dispersion assuming an isothermal profile for the total density distribution of the lens (elliptical) galaxy. Their simulations found that the method is accurate enough to obtain information about the underlying cosmology. They concluded that the stellar velocity dispersion and velocity dispersion of the isothermal lens model are very similar in the w cold dark matter (wCDM) model. Biesiada et al. (2010) used the same procedure comparing a distance ratio, D obs , constructed from SLS observations such as the Einstein radius and spectroscopic velocity dispersion of the lens galaxy, with a theoretical counterpart, D th . By using a sample containing 20 SLS, they demonstrated that this technique is useful to provide insights into DE. Cao et al. (2012) updated the sample to 80 systems and proposed a modification that takes into account deviations from sphericity, i.e. from the singular isothermal sphere (SIS). Later on, Cao et al. (2015) considered lens profile deviations due to the redshift evolution of elliptical galaxies by using spherically symmetric powerlaw mass distributions for the lenses and also increased the compilation up to 118 points. They also explore the consequences of using aperture-corrected velocity dispersions on the parameter estimations. Some authors have pointed out the need for a sufficiently large sample to test DE models with higher precision (Yennapureddy & Melia 2018) . For instance, Melia et al. (2015) have emphasized that a sample of ∼ 200 SLS can discern the R h = ct model from the standard one. Qi et al. (2018) simulated strong lensing data to constrain the curvature of the Universe and found that, by increasing the sample (16000 lenses) and combining with compact radio quasars, it could be constrained with an accuracy of ∼ 10 −3 . Recently, Leaf & Melia (2018) have revisited this cosmological tool with the largest sample of SLS (158) until now, including 40 new systems presented by Shu et al. (2017) . The authors proposed a new approach to improve this technique by introducing in the observational distance ratio error (δD obs ), a parameter σx to take into account the SIE scatter and any other source of errors in the measurements. In their analysis, they excluded 29 SLS that are outside the region 0 < D obs < 1, and the system SL2SJ085019-034710 ) which seems to be an extreme outlier for their models. Their results show that a σx = 12.2% provides more statistically significative cosmological constraints. Finally, Chen et al. (2018) used 157 SLS to analyze the ΛCDM model. They considered a lens mass distribution ρ(r) = ρ0r −γ and three possibilities for the γ parameter: a constant value, a dependence with the lens redshift (z l ), and a dependence with both the surface mass density and the lens redshift. They concluded that although Ω0m, used as the only free parameter in ΛCDM scenario, is very sensitive to the lens mass model, it provides weak constraints which are also in tension with Planck measurements.
In this work we compile a new sample of 205 strong gravitational lens systems, which have been measured by different surveys: Sloan Lens ACS survey (SLACS Bolton et al. 2006 Treu et al. 2018) . We have added 48 systems to the last compilation Chen et al. (2018) with the aim to constrain the parameters for the w cold dark matter (ωCDM) model, the Chevallier-Polarski-Linder (CPL) and Jassal-Bagla-Padmanabhan (JBP) parameterizations of the DE equation of state.
The paper is organized as follows. In Sec. 2 we show the data for the strong lensing cosmological observations. In Sec. 3 we present the Friedmann equations for the models and parameterizations parametrizations mentioned previously. In section 4 we introduce the criteria to assess the goodness-of-fit for each case. In section 5 our results are shown and finally in section 6 we present the conclusions and perspectives.
STRONG LENSING AS A COSMOLOGICAL TEST

Methodology
Strong lensing systems have been used over the years to constrain cosmological parameters and supply an alternative way to understand the nature of dark energy (Biesiada 2006; Biesiada et al. 2010; Cao et al. 2012; Cao et al. 2015; Jullo et al. 2010; Magaña et al. 2015 . In this paper we gather new data from SLS, making a catalog with 205 systems. This compilation allow us to analyze cosmological models with more precision and can help us to compare with other astrophysical tools as standard candles or standard rulers (Scolnic et al. 2018; Blake et al. 2012; Alam et al. 2017; Bautista et al. 2017) . When a galaxy acts as a lens, the separation among the multiple-images depends on the deflector mass and the angular diameter distances to the lens and to the source. When a lens is described by a Singular Isothermal Sphere (SIS), the Einstein radius is defined as (Schneider et al. 1992 )
where σSIS is the velocity dispersion of the lensing galaxy, c is the speed of light, Ds is the angular diameter distance to the source, and D ls the angular diameter distance between the lens and source. The enclosed projected mass inside the Einstein radius (θE) is independent of the mass profile (Schneider et al. 1992) , generally estimated using an isothermal-ellipsoid mass distribution (SIE). Furthermore, it has been demostrated that the lensing mass distribution of early-type galaxies is very close to isothermal (Kochanek 1995; Muñoz et al. 2001; Rusin et al. 2002; Treu & Koopmans 2002; Koopmans & Treu 2003a; Rusin et al. 2003b; Grillo et al. 2008) .
Since the angular diameter distance D, in terms of redshift z is defined as
being H0 the Hubble constant, then the Einstein radius depends on the cosmological model through the dimensionless Friedmann equation E(z). By defining a theoretical distance ratio D th ≡ D ls /Ds, we obtain
where Θ is the free parameter vector for any underlying cosmology, z l and zs are the redshifts to the lens and source respectively. On the other hand, its observable counterpart can be computed as
where σ is the measured velocity dispersion of the lens dark matter halo. Therefore, the compilation of SLS with their measurements for σ and θE can be used to estimate cosmological parameters (Grillo et al. 2008) by minimizing the following chi-square function,
where the sum is over all the (NSL) lens systems and δD obs is the uncertainty of each D obs measurement which can be computed employing the standard way of error propagation as
being δθE and δσ the error reported for the Einstein radius and velocity dispersion respectively.
One of the advantages of this method is its independence of the Hubble constant H0, as it is eliminated in the ratio of two angular diameter distances (see Eq. 1). Hence, the tension of H0 between some of the most reliable measurements (Riess et al. 2016; Aghanim et al. 2018b; Riess et al. 2019) is not a problem for this method since it is not neccesary to assume any H0 initial value. Some disadvantages are: its dependency on the lens model fitted to the data to obtain the Einstein radius (e.g. Cao et al. 2015) , the spectroscopically measured stellar velocity dispersion (σ) that might not be the same as the dark matter halo velocity dispersion σDM , and any other systematic error that could change the separation between images or the observed σ. Consequently, we take into account these uncertainties by introducing the parameter f into the relation σDM = f σ, thus Eq. (1) is
Ofek et al. (2003) estimate that those systematics might affect the image separation ∆θ up to ∼ 20% (since ∆θ ∝ σ 2 ), and thus assume the constraints (0.8) 1/2 < f < (1.2) 1/2 . Moreover, Treu et al. (2006) claim that, for systems with velocity dispersion between 200 − 300km s −1 , there is a relation between the measurement of σspec from spectroscopy and those estimated from the lens model
where σSIE is the velocity dispersion obtained from a singular isothermal ellipsoid, and it is also consistent with Ofek et al. (2003) results. Notice that Treu et al. (2006) relation cannot be used in our case because: a) σ for several objects fall outside the interval of validity, and b) it was obtained assuming a ΛCDM model, and thus it could introduce another source of bias in our estimations. Therefore, hereafter we use Ofek et al. (2003) estimation for f . On the other hand, for some SLS we obtain incorrect D obs > 1 values (i.e. D ls > Ds, see Table A2 ). Leaf & Melia (2018) point out that these values are theoretically unphysical, thus they should be either disregarded or corrected by introducing an extra source of error (e.g. δD obs ). However, as the source of such behavior is unknown, we choose to keep these observed systems throughout our analysis (without introducing the suggested δD obs error) and, instead, offer the parameter estimations with and without those systems for comparison. In the following section we present the data that will be used in the chi-square function (Eq. 5) to test DE models.
Data
In this section we describe our new compilation of SLS. To construct D obs we have choosen only systems with spectroscopically data well measured from different surveys. We have considered 20 SLS from the CASTLES survey, 107 systems from SLACS, 38 from BELLS, 4 from LSD, 35 from SL2S and one system from the DES survey. The final list has a total of 205 systems, being the largest sample of SLS to date. We only consider early-type galaxies acting as lenses, with lenticular (S0) or elliptical (E) morphologies. Many systems have not been taken into account due to several issues. For instance, the system PG1115+080 (Tonry 1998 ) from the CASTLES survey has been discarded because the lens mass model is steeper than isothermal. From the SLACS survey (Bolton et al. 2008; Auger et al. 2009 ) we remove the systems SDSSJ1251-0208, SDSSJ1432+6317, SDSSJ1032+5322 and SDSSJ0955+0101 since the lens galaxies are late-type. The same reason is applied to the systems SDSSJ1611+1705 and SDSSJ1637+1439 from the BELLS survey (Shu et al. 2016) . We have also discarded the systems SDSSJ2347−0005 and SDSSJ0935−0003 from the SLACS survey and the system SDSSJ111040.42+364924.4 from the BELLS survey because they have large measured velocity dispersions (∼ 400km s −1 or bigger values), suggesting the lens might be part of a group of galaxies or that there is substructure in the line-of sight. For those systems without reported velocity dispersion error, we assumed the average error of the measurements in the survey subsample as follows. For the 9 systems from CASTLES we consider the average error on σ for this survey, i.e. a 14 %. In the case of the system DES J2146-0047 (Agnello et al. 2015) , we have assumed a 10% error on σ, which is the average error of the entire sample. The LSD survey (Koopmans & Treu 2003b; Treu & Koopmans 2004) reports σ corrected by circular aperture using the expression obtained by Jorgensen et al. (1995a,b) . A close inspection of the σspec values, with and without aperture correction, presented by Cao et al. (2015) show the difference is smaller than reported error. Thus, we decided to use the observed values (σ) and the reported error for the sample without the apperture correction. On the other hand, in those systems in which the Einstein radius error was not reported, we followed Cao et al. (2015) and assumed an error of δθE = 0.05 θE, which is the average value of the systems with reported errors in this sample. Table A1 , having a total of 205 data points whose lens and source redshifts are in the ranges 0.0625 < z l < 0.958 and 0.196 < zs < 3.595, respectively. All the systems for which we assumed a velocity dispersion error are presented in bold face in the sample.
Our final sample (FS) is presented in
In addition, we have constructed the following subsamples to test the impact on the parameter estimation for the different DE models. We divide the sample into different regions according to the observed value for the distance ratio D obs , because there are systems that do not fall in a physical region. We also split the sample into different regions according to the redshift of the lens galaxy to check for any significant changes in the estimation of cosmological parameters associated to the deflector position. Finally, following Chen et al. (2018), we also separate the systems in distinct sub-samples according to the measured velocity dispersion. We name the sub-samples as follows: 
COSMOLOGICAL MODELS
Hereafter we consider the following models with flat geometry that contain dark and baryonic matter and dark energy, neglecting the density parameter of radiation because its contribution at low redshifts is of the order of ∼ 10 −5 .
• The ωCDM cosmology.-This model is the simplest extension to the CC. The dark energy has a constant EoS but it deviates from w0 = −1, and should satisfy ω0 < −1/3 to obtain an accelerated Universe. The equation E(z) can be written as:
where Ωm0 is the matter density parameter at z = 0 and the deceleration parameter reads
• The CPL parametrization.-An approach to study dynamical DE models is through a parametrization of its equation of state. One of the most popular is proposed by (Chevallier & Polarski 2001; Linder 2003) and reads as
where ω0 is the EoS at redshift z = 0 and ω1 = dw/dz|z=0. The dimensionless E(z) for the CPL parametrization is
the q(z) is written in the form
• The JBP parametrization. -Jassal et al. (2005) proposed the following ansatz to parametrize the dark energy EoS
where ω0 is the EoS at redshift z = 0 and ω1 = dw/dz|z=0. The dimensionless E(z) for the JBP parametrization is
the deceleration parameter reads
Therefore, it may be possible to reconstruct the q(z) by constraining the parameters for each model and determine whether the Universe experiments an accelerated phase at late times.
MODEL SELECTION
To compare among the different DE models, we use the Akaike information criterion (AIC, Akaike 1974) and Bayesian information criterion (BIC, Schwarz 1978) defined as:
where χ 2 min is the chi-square obtained from the best fit of the parameters, k is the number of parameters and N the number of data points used in the fit. A model with smaller AIC and BIC is more favored. Notice that the AIC (BIC) absolute value is irrelevant, the important quantity is the relative value of AIC (BIC) for the model i with respect to the minimum AICmin (BICmin) among all the models (see Shi et al. 2012 , and references therein for the AIC and BIC criterion).
In addition, to measure the quality of our cosmological constraints we use the FOM estimator
where Cov(f 1, f 2, f 3, ...) is the covariance matrix of the cosmological parameters fi (Wang 2008 ). This indicator is a generalization of those proposed by Albrecht et al. (2006), and larger values imply stronger constraints on the cosmological parameters since they correspond to a smaller error ellipse.
RESULTS
In the parameter estimation we have considered the Gaussian likelihood L(Θ) ∝ e (burn-in-phase) steps to approach the region of the mean value, 5000 MCMC steps and 1000 walkers initialized close to the region of maximum probability according to other astrophysical observations. We check the convergence of the chains using the Gelman-Rubin test proposed by Gelman & Rubin (1992) , stopping the burn-in-phase if all the parameters are less than 1.07.
In all the scenarios, we have considered the following tests in the Bayesian analysis. The first test (T1) was performed employing the FS using the SIE approach given by Eq. 4; the second test (T2) was done using the SS1 sample (T2); and the third test (T3) was carried out on the SS1 sample adding a new parameter (f ) that takes into account unknown systematics as was previously mentioned in equation (7). We also performed tests with the SLS data binned in D obs : the sample SS2 with tests T4 to T6. In addition, we estimated the model parameters with the SLS data binned in σ using: the SS5 sample (T7); the SS6 sample (T8); the SS7 sample (T9); and the SS8 sample (T10). Finally, we constrained the model parameters with the SLS data binned in the lens redshift (z l ) for: the SS9 sample (T11), the SS10 sample (T12), and the SS11 sample (T13). These tests were carried out assuming a gaussian prior for Ω0m = 0.3111 ± 0.0056, according to the most recent observations from Planck 2018 (Aghanim et al. 2018a) . We also assume the following priors: −4 < ω0 < 1, −5 < ω1 < 5 and (0.8) 2 < f < (1.2) 2 . Table 1 provides the best fits values for the free parameters of each model using the different cases mentioned above. We also present the values for χ 2 min and χ 2 red and the number of data points used in each scenario. Table 2 gives the AIC, BIC, and FOM values for each cosmological model using the different SLS samples (FS, SS1-SS11).
The ωCDM constraints
For the ωCDM model, we considered two free parameters Ω0m and ω0, aditionally we consider an extra parameter f only in the third case (T3). As we mentioned earlier, a Gaussian prior on Ω0m is assumed, hence our attention is focused on the ω0 parameter. We found consistency for the constraints obtained in the first three tests (see figures 1 and 2), i.e. the ω0 value is not affected whether a new extra parameter f is considered or the systems with D obs > 1 are excluded. However, the χ 2 min and χ 2 red values reflect the goodness of the constraints: improvement when we exclude the systems in the region of D obs > 1, and without significant change when we consider the corrective parameter f , in good agreement with previous studies (f ∼ 1; f = 1.010 ± 0.017 for Cao et al. 2012; Treu et al. 2006, respectively) . However, when different sub-samples are considered (see figures 3, 4 and 5 tests T4 to T13) ω0 seems to have different values, the majority pointing to an Universe with a phantom DE, and two cases (T4 and T10) where ω0 is positive, which does not satisfies the accelerated condition ω0 < −1/3, yielding an unphysical q(z) (see Figure 6 ). In the following, we discuss in further detail some key results obtained from the sub-samples.
The fourth test was done using systems in the region of D obs < 0.5, this sub-sample consist of 30 points. Nine of them have the peculiarity that their theoretical lens equa-tion Eq. (3) provides D th < 0.5 only when ω0 becomes positive. However, three of these systems (MG0751+2716, SL2SJ085019−034710, and SL2SJ02325−040823) never enter the aforementioned region. These are consequences of the functional form for D th , which gives the same result for different values of ω0. As a repercussion, cosmological parameters show convergence problems with the MCMC, e.g. notice that the Ωm0-ω0 posterior distribution presents double contours (see figure 3) .
The T10 considers systems with velocity dispersions for the lens galaxies in the region of σ > 276km s −1 . This case gives larger χ To judge the quality of our constraints we also calculate the FOM (Eq. 19) for each test. The strongest constraints (i.e highest FOM) are obtained when 0.5 D obs < 1 (see table 2 ). On the other hand, the D obs < 0.5 region provides the least reliable constraints, as expected from the convergence problems and the double confidence contours (see Figure 3) .
We present the reconstruction of the deceleration parameter in figure 6 using the constraints obtained in each test. Notice that both T4 and T10 constraints exhibit unphysical values, i.e. they do not provide an acceleration stage and their q(z) are in disagreement with the standard theoretical prediction at high redshifts (q(z) → 0.5). The constraints obtained from other samples provide an accelerated phase at late times. However, only T13 yields a q0 = q(z = 0) value in agreement with the standard model (q0ΛCDM ∼ −0.5), while the remaining sample values are in tension with the standard one. 
The CPL constraints
Notice that despite the CPL parametrization for the DE EoS (Eq. 11) adds an extra free parameter compared to the ωCDM one, the range of values for χ 2 min and χ 2 red are roughly similar. The ω0 constraints estimated with T1-T3 are very similar (∼ −2.4, −2.7), however a strightforward comparison among ω1 values is not possible because the bounds are different for each scenario (see figures 7 and 8). When sub-samples are considered (T4 to T13, figures 9, 10 and 11), ω0 is positive only for the region z l > 0.4 (see figure  11) , and adopts negative values for the other sub-samples. The ω1 parameter is very sensitive to all cases having different mean values in each test.
When a new parameter f , (T3) is added, no substantial improvements on χ 2 red value is shown. The result for the corrective parameter f is consistent with the ones obtained by Cao et al. (2012) ; Treu et al. (2006) . Once again, the ω0 and ω1 constraints seem to get worse in the region D obs < 0.5 (T4), showing convergence problems reflected in double contours in the correlation of the cosmological parameters (see figure 9 ). Notice that χ 2 red values higher than the one obtained for the entire sample (table 1) are achieved only in the regions: D obs > 1 (T6), σ < 210 km s −1 (T7) and σ > 276 km s −1 (T10). On the other hand, the smallest χ 2 red value is reached in the region of 0.5 < D obs < 1, suggesting a better model fitting.
When the complete sample is used, the ω0 and ω1 constraints are not consistent with the observations of Scolnic et al. 
(T9).
We reconstruct the q(z) function using the constraints obtained for each test (see figure 12) . Notice that T4, T10 and T13 yield constraints that result in unphysical behaviours for q(z). On the contrary, those provided by T5, T7 T1  T2  T3  T4  T5  T6  T7  T8   T9  T10  T11  T12 Figure 6 . Reconstruction of the q(z) parameter, using data constraints for ωCDM model. and T13 source an acceleration-deceleration stage which is characteristic of models where the DE EoS is parametrized, i.e. a slowing down of cosmic acceleration (Cárdenas & Rivera 2012; Cárdenas et al. 2013; Magaña et al. 2014; Wang et al. 2016; Zhang & Xia 2018) . Although T13 constraints produce an acceleration phase in the Universe, it does not ocurrs at z = 0.
The JBP constraints
The free parameters of the JBP parametrization are Ω0m, ω0 and ω1. It is worth to notice that the range of values for χ 2 min and χ 2 red are similar to those obtained for the ωCDM and CPL models. For the first three tests (T1-T3), although the ω0 constraints differ slightly, they locate on the phantom regime (see Table 1 , figures 13 and 14) . However, T1  T2  T3  T4  T5  T6  T7  T8   T9  T10  T11  T12 (2017) and Wang et al. (2016) , although ω1 is only consistent with the value obtained by Magaña et al. (2017) . The FOM estimator gives tight constraints in the 0.5 D obs < 1 (T5) region and weak ones in D obs < 0.5 (T4) and 0.2 z l 0.4 (T12) regions.
The figure 18 shows the reconstruction of the deceleration parameter for the JBP model using the constraints derived from each test. It is noticeable the q(z) behavior showing a slowing down of the cosmic acceleration at late times for the T5 and T13. This behavior is in agreement with those found by several authors for these parametrizations (see for example Magaña et al. 2014; Wang et al. 2016) . Notice also that T4 and T10 present a non standard behavior, i.e. they never cross the acceleration region. The remaining cases are in good agreement with the standard knowledge.
Comparison of cosmological constraints
As we can see in table 1, χ 2 min and χ 2 red values are very similar among the three models for all the samples, even though the ωCDM model has one parameter less than the other ones. It is worth to notice that the mean values of the f parameter obtained with different models (f = 1.018 +0.007 −0.007 ) are consistent with each other and also in agreement with those reported by Treu et al. (2006); Cao et al. (2012) . Thus, this indicates that the possible systematic errors affecting the image separation produced by the lens for our sample is estimated at most at 5 %.
The criteria for model selection are presented in Table  2 . Using the FoM estimator, the largest values are usually the ones produced by the ωCDM model, thus giving the strongest constraints. However, in three cases (D obs < 0.5, 0.5 D obs 1 and 0.2 z l 0.4) the CPL parametrization provides the strongest constraints. In addition, to discern be- tween the most favored model by de SLS data, we apply the AIC and BIC criteria mentioned in section 4. Notice that the CPL model gives low AIC values in eight cases (T4-T8, T10,  T11 and T12) , and the ωCDM model induces low AIC values in five cases (T1-T3, T9 and T11). Hence, the CPL model is the preferred by the SLS data when the AIC criterion is applied at different samples. On the other hand, the ωCDM model gives low BIC values in the majority of the tests (T1-T3, T6 and T8-T11) and the CPL model produces low BIC values in five regions (T4, T5, T7, T12 and T13). Therefore, ωCDM model is favored by the SLS data according to the BIC criterion. To measure the relative differences among the models we also compute ∆AIC = AICi -AICmin, and ∆BIC T1  T2  T3  T5  T6  T7  T8  T9   T10  T11  T12 Figure 18 . Reconstruction of the q(z) parameter, using data constraints for JBP model. Notice that T4 it is outside the range shown in the figure, in this case T4 does not predicts an accelerated universe and therefore it is not inside of the labels.
= BICi -BICmin, where the subindex i refers to the different models and AICmin (BICmin) is the lowest AIC (BIC) value. In the majority of the cases, our results find substantial support for the three models (∆AIC< 2 or ∼ 2). However, the cases T4, T5 and T13 show disagreement with the ωCDM and JBP models (2.544 < ∆AIC< 6.381). Those models are also rejected by the data in the 0.2 z l 0.4 region (T12), obtaining ∆AIC= 17.726 and ∆AIC= 20.05 respectively. On the other hand, in five regions (T6, T7, T8, T10 and T13) we found not enough evidence against the other models (∆BIC< 2 or ∼ 2), while in five cases (T1-T3, T9 and T11) there is evidence against the CPL and JBP parametrizations (3.826 < ∆BIC< 5.184). Finally, the D obs < 0.5 and 0.5 D obs 1 regions (T4 and T5) present evidence against the ωCDM and JBP model (3.191 < ∆BIC< 5.82). This is also the case for the 0.2 z l 0.4 region, which produces very strong evidence against the ωCDM and JBP models with ∆BIC= 15.835 and ∆BIC= 20.05 values respectively. Therefore, JBP model is not favoured in any model selection criteria in our tests. Although our model selection criteria indicate that the complete sample (T1-T3) prefers the ωCDM model, the region 0.5 D obs 1, which provide the best fitting (lowest χ 2 red values) favor a dynamical dark enegy behavior (CPL model).
CONCLUSIONS AND OUTLOOKS
In this paper we study three dark energy models: the ωCDM model with a DE constant equation of state, and the CPL and the JBP parametrizations where DE evolves with time. To constrain the cosmological parameters of the three models we used a new compilation of strong gravitational lens systems (SLS) with a total of 205 objects, the largest sample to date (details of all systems can be found in Appendix A1). We test the models using different cases. First considering all the systems using the D obs estimated from the observed Einstein ring radius and velocity dispersion, secondly excluding those systems with a D obs > 1 (unphysical) value, and finally using the entire sample with a new free parameter f that take into account systematics that might affect the observables. In addition, we estimated the cosmological parameters using sub-samples of the SLS according to three different scenarios considering distinct regions on the observational value of the lens equation (D obs ), the velocity dispersion (σ) and the lens galaxy redshift (z l ).
We found that the SLS complete sample provides similar values for the ω0 parameter for the three models. However, ω1 is very sensitive to each case presented in this paper. The f parameter is very consistent among the three models (within 5% error), having similar values to those reported by Treu et al. (2006); Cao et al. (2012) . We found that some of the sub-samples considered in this work provide values for the cosmological parameters that are inconsistent with other observations (SNe Ia, CMB). Nevertheless, improvements on the constraints for all the models are reflected in the χ 2 red value when we exclude the systems in the region of D obs > 1. This unphysical region (also found by Leaf & Melia (2018) ) seems to be related to those systems with different kind of uncertainties (e.g. not fully confirmed lenses, multiple arcs, uncertain redshifts, complex lens substructure, see A2). Thus, as a byproduct of our analysis, results with D obs > 1 point out towards those systems with untrustworthy observed parameters or those which depart from our isothermal spherical mass distribution hypothesis.
Regarding the velocity dispersion, some of the selected regions provide weaker constraints (larger values in the χ We found that nine systems in the D obs < 0.5 region can not be modeled properly by the theoretical lens equation, obtaining double confidence contours for the cosmological parameters. Finally, the lowest χ 
APPENDIX A: STRONG-LENSING SYSTEMS COMPILATION
• In Table A1 presents the compilation of SLS with 205 points.
• Table A2 shows the 32 systems with D obs > 1. Many of these systems appear flagged, which means that such objects are: not confirmed lenses, or have complex source structures with multiple arcs and counter-arcs, or the foreground lens is clearly composed of two distinct components, have uncertain redshift measurements, or the arcs (rings) are embebed in the light of the foreground lens. We refer the interested reader to the references presented in Table A1 . We suggest that these systems with D obs > 1, shoul not be used in cosmological parameter estimation (see also Leaf & Melia 2018 ). This paper has been typeset from a T E X/L A T E X file prepared by the author. 
